The disparity between clinical visual function and pattern visual evoked response (VER) was studied in 53 patients who had suffered an attack of optic neuritis (ON) more than six months before. The visual functions tested included Snellen visual acuity, colour vision, visual field, and contrast sensitivity. The effect of pattern presentation, check size, and luminance was tested by recording VERs with several stimulus configurations. VER amplitudes were found to be associated with the outcome of all four clinical tests, independently of check size, luminance, or the presentation method used. On the other hand VER latencies were hardly ever related to the results of any of the four clinical visual tests. These findings support the idea that VER amplitude provides information about visual spatial perception, while VER latency is more related to the extent of demyelination.
Optic neuritis (ON) usually gives a characteristic clinical picture with a fairly favourable short-term prognosis in the majority of patients. Normal vision, as measured with a Snellen chart test, is regained in 50-80% of the patients within six months. In some cases, however, ON produces long-lasting visual dysfunction. ' 2 It has been suggested that Snellen chart tests are of questionable value for assessment of visual function in demyelinating disease, since they test only a restricted part of visual perception." The visibility of objects seems to be determined not only by how we see small details at high contrast, but also by how we discriminate between larger objects differing only slightly from their surroundings in colour and luminance. Hence some authors have suggested that the spatial contrast sensitivity function could be a more representative visual function in ON than the Snellen visual acuity.
There is little doubt that the visual evoked response (VER) to a black and white pattern is a valuable means of tracing optic nerve lesions in patients suspected of multiple sclerosis (MS) or optic neuritis. A delayed latency of the first major positive
Correspondence to A C W Volkers, Department of Biomedical Physics and Technology, PO Box 1738, 3000 DR Rotterdam, The Netherlands.
602
VER peak, found in 80-100% of clinically definite MS and ON patients, is a reliable indication of demyelination of the visual pathway.;" Neima and Regan'2 tried to resolve some of the discrepancies between pattern VER and Snellen visual acuity by measuring the contrast sensitivity function. In general their results showed that abnormalities in the contrast sensitivity function could be used as a basis for predicting abnormalities in VER amplitude, while VER peak delay was less accurately predicted. The number of ON and MS patients they studied, however, was too small to permit meaningful statistical analysis. Neima and Regan'2 used two different stimuli for VER determination (with check sizes of 45 and 11 minutes of arc). It is now generally accepted that the pattern VER response depends not only on check size but also on luminance and method of presentation.3 14 The object of the present study, like that of Neima and Regan,'2 was to search for correspondences between VER recordings and four clinical visual parameters: visual acuity, contrast sensitivity function, colour vision, and visual field. A previous study revealed a statistically significant relation between these parameters. '" In the present investigation pattern visual evoked responses were recorded by different methods of stimulation in order to see Visualfunction and pattern visual evoked response in optic neuritis how check size, luminance, and method of presentation changed the possible relation between VER and the four clinical parameters.
Visual function in 53 patients with optic neuritis (ON) was tested six months to 4 5 years after the acute attack. This investigation was particularly interesting in those cases where Snellen visual acuity exceeds 10, suggesting (nearly) complete recovery of visual function. It was hoped that the large battery of tests used would permit more accurate estimation of just how much visual function had improved. The size of the group studied (106 eyes) permitted meaningful determination of the statistical correlations between the various test results.
Patients and methods

PATI ENTS
Fifty-three ON patients, treated between 1980 and 1983 at the Eye Hospital Rotterdam, were reexamined in 1984-5 for this study. The patient group included 40 females and 13 males. Their age at the time of this study varied from 17 to 54 years (mean 32 years). The diagnosis of ON was based on the criteria summarised by Glaser."
Eleven patients had a relapse of ON within the period 1980-4. In eight of them the recurrence affected the contralateral, initially unaffected eye, while in the other three cases the relapse was on the ipsilateral side. Thus a total of 61 eyes had had a clinical ON attack at the time of this study. All 106 eyes investigated were classified on the basis of clinical status and Snellen visual acuity to: unaffected, affected with recovery, and affected without recovery on the basis of the following criteria: Pattern reversal (PR) was achieved with a projector system, the screen of which subtended a visual angle of 300. Fast pattern reversal was obtained with the aid of an electromagnetically activated mirror. " The squares of side 0 50 forming the pattern were presented with a mean luminance of 10 cd/m', those of side 1°with luminances of 10 cd/mn' and 100 cd/mi'. Contrast between the checks was approximately 800O and the reversal frequency 1 Hz (i.e., 2 reversals per second). Pattern (intermittent) presentation (PP) was accomplished with a TV monitor screen; the visual angle subtended was 160. In this method the pattern was presented for 39 ms in each viewing cycle, with a repetition frequency of 2 Hz. The mean luminance of the screen both during and outside the pattern presentation was kept constant at 45 cd/m'. The various patterns used had a check size (minutes of arc) and contrast respectively of 80'/80'%o, 40'/40(%, 20'/20%, 10'/10%, and 10'5%.
In both methods the patients were asked to look at a fixation spot at the centre of the stimulus field. In accordance with Halliday's method" VERs were recorded with two occipital electrodes placed 2-5 cm and 5 cm above the inion (external occipital protuberance). A midfrontal electrode 12 cm above the nasion served as the reference electrode; the ground electrode was attached to the ear lobe. Two derivations were made, from each of the electrodes above the inion against the midfrontal one.
The bandwidth of the amplifiers was 0 166 to 70 Hz. In general 128 responses were averaged in all VER determinations. The output was fed simultaneously to an oscilloscope with a sweep time of 500 ms and to a minicomputer with a sampling time of 3-9 ms. With these techniques responses of 3 tV or more could be discerned from the noise level. The VER thus obtained was recorded on an X-Y plotter.
Normal values were obtained from 47 healthy control subjects. For the latency the 90th percentile was taken as the upper limit of normal; for amplitude the 90th percentile was taken as the lower limit of normal.
The contrast sensitivity function was determined with equipment described previously. I" The automatic, microprocessor-controlled measuring procedure is based on a modified von Bekesy tracking method,' which may be briefly described as follows. The stimulus (a vertical sinusoidal grating) is presented on a television monitor. The patient is asked to decrease or increase the contrast of the grating by pushing or releasing a button so as to hold it at his or her perception threshold. After eight reversals the average contrast is calculated and plotted, after which the spatial frequency is increased by a factor 2. The contrast sensitivity is determined over the range 60)3 group.bmj.com on November 8, 2016 -Published by http://bjo.bmj.com/ Downloaded from from 0 1 to 25 6 cycles per degree (c/deg). The height of the stimulus is 50 and its width is 320 for the spatial frequency range from 0-1 to 0-4 c/deg (at a viewing distance of 50 cm) and 80 for spatial frequencies from 0-8 to 25-6 c/deg (200 cm viewing distance). To prevent after-images the grating is counterphased every 0-6 s. The mean luminance of the stimulus is The normal contrast sensitivity function was determined in 26 normal subjects (52 eyes) with the same age range as the 53 ON patients. The number of contrast determinations per eye was reduced to only three by averaging contrast sensitivities in the low (0-1-0-4 c/deg), medium (0*8-3-2 c/deg), and high (6.4-25-6 c/deg) spatial frequency ranges. A decrease of more than 2 standard deviations below the normal (average) contrast sensitivity for low, medium, or high spatial frequencies is considered abnormal.
Visual acuity was determined with a Snellen chart and expressed as the reciprocal of the mean angle of resolution in minutes of arc. A visual acuity of I 0 or more was considered normal.
Colour vision was examined under standardised conditions, with the Hardy Rand Rittler (HRR) and desaturated panel D-15 tests. Normal values were obtained from 25 control subjects, classified according to the classification of Franqois and Verriest.2' Visualfields were determined with the computerised Octopus display. Visual field disorders were classified as central or paracentral absolute or relative defects.'
Routine clinical ophthalmological and neurological examination was performed on all 53 patients.
Statistical analysis was performed with the SPSS computer program. Differences between sets of experimental data were tested for significance by the Wilcoxon, x2, Kendall's b and t-c tests, and regression analysis. were taken as abnormally low. Such low amplitudes were found in one out of 45 'unaffected', two out of 33 recoveredd', and 17 out of 28 'nonrecovered' eyes. Row 2 tells us that in the same test latencies greater than 192 ms were high and found in 9, 12, and 14 eyes in the respective groups.
Results
VISUAL FUNCTION AFTER OPTIC NEURITIS
The results of clinical visual testing in this patient group have been described in greater detail elsewhere.'" A summary of these results, in combination with those obtained by pattern reversal (PR) and pattern (intermittent) presentation (PP) VER, is presented in Table 1 .
A high percentage (96%) of non-recovered eyes showed at least one abnormal VER (either PP or PR). In only one eye did the VER results fall within the normal range. A similar high percentage of VER abnormalities (97%) was obtained in all affected eyes that had recovered (n=33). The most surprising result was that no fewer than 37 of the 45 unaffected eyes (82%) showed VER abnormalities (in latency, amplitude, or a combination of the two). A very small proportion of abnormal results may be ascribed to the 2% of normal subjects we may expect to find outside the normal range; this does not markedly affect the fact that the percentage of abnormalities found by PP (32%) and PR (56%) is strikingly high.
As was to be expected (and has been reported previously,' all other visual tests gave the highest percentage of abnormal results in the non-recovered eyes and lower percentages in recovered and unaffected eyes.
The absolute number of VER abnormalities tends to be higher in those patients who had developed signs and symptoms outside the visual pathways, but the difference was not statistically significant (not shown in the tables). This tendency is in accordance with the previous findings for the four clinical visual tests. Is
VISUAL EVOKED RESPONSE AND CONTRAST SENSITIVITY FUNCTION
In 47 eyes VER abnormalities (found by PP and/or PR) were observed in combination with an abnormal contrast sensitivity function. In six eyes both VER and contrast sensitivity were normal. This indicates that the results of VER and contrast sensitivity testing in all eyes investigated (n= 106) overlap by no more than 50% ( Table 2 ). The lack of a statistically significant association between overall VER and contrast sensitivity testing is disappointing ( Table 2) . We therefore examined these results in greater detail to see whether this could reveal some meaningful relationships between the two types of tests.
Consideration of VER amplitude and latency separately yields a more differentiated picture than that obtained by regarding overall results only. In Fig. 1 correlation coefficients are plotted for each VER stimulus and the contrast sensitivity function in the three frequency ranges considered. We use A + in the first two columns refers to abnormal VER with the stimulus type indicated; ain these columns refers to normal values. Thus row 3 tells us that 69 of the total 106 eyes showed VER abnormalities with both PP and PR stimuli. Of these 69 eyes 42 also showed CS abnormalities; the other 27 had normal CS (see text).
CS(L) to denote the contrast sensitivity function in the low frequency range, CS(M) for that in the medium frequency range, and CS(H) for that in the high frequency range. The results can be summarised as follows: there is a significant association (with alpha one-sided=0*05; n=53) between CS(L), CS(M), and CS(H) on the one hand and VER amplitude on the other, while VER latency is not significantly related to CS in any of these frequency ranges with the exception of the relation found between 10'-10% latency on the one hand and CS(L) and CS(M) on the other. The association between CS(L) and CS(M) and VER amplitude is stronger for middle sized checks (PP: 20'-20% and 40'-40%) than for the smaller (10'-10%) and larger (80'-80%) checks, while CS(H) and reduced VER amplitude is strongest for small check sizes (10'-10%).
VISUAL ACUITY, COt OUR VISION, AND VISUAL FIEt D An association between reduced visual acuity and abnormalities in visual field and colour vision on the one hand and contrast sensitivity abnormalities on the other has been previously reported. '5 In the present study we were interested in the relation between VER results and those of the above mentioned clinical tests. Since colour vision and visual field are assessed as 'normal' or 'abnormal', we cannot express the association between these clinical test results and the VER results in terms of correlation coefficients. The quantity plotted in Fig. 2 , middle and right columns, is therefore the 'phi' coefficient, which does provide a measure of such associations.
Inspection of Fig. 2 shows that reduced VER amplitude (in both PR and PP tests) is associated with abnormal results in all four clinical tests, whereas VER latency does not show any such association. It is well known that, in optic neuritis (ON), visual evoked response (VER) is not closely related to sensory visual loss as determined with Snellen charts.2324 It has been suggested that the 'hidden visual loss' which presumably exists in such cases may be detected by psychophysical tests which provide a measure of contrast sensitivity, visual field, and colour vision. 2 26 Comparison of the results of these tests with VER measurements often revealed a considerable degree of overlap in ON or MS patients.27-3' However, differences become apparent if VER latency and amplitude are considered separately.32 Neima and Regan"2 made this distinction in their attempt to correlate visual acuity, contrast sensitivity, and VER findings in ON and MS patients. They reported that reduced contrast sensitivity at high spatial frequencies was associated with reduced visual acuity and amplitude reductions in small-check VER tests. In all eyes where the contrast sensitivity was reduced at all spatial frequencies they found amplitude reductions in both small-check and large-check VERs, and diminished Snellen visual acuity. In the present study Snellen visual acuity and the other psychophysical test results were compared with VER latency and amplitude separately in all cases.
VISUAL EVOKED RESPONSE AND VISUAL TESTS IN ON
In general Figs. 1 and 2 indicate that VER amplitude is correlated with the results of all three psychophysical tests and with the Snellen visual acuity, while VER latency shows no such correlation.
In this study VER recordings were based on stimulation by checkerboard patterns with a variety of check sizes and luminance contrasts. Moreover, as we have seen, two different methods of checkerboard presentation were used (PR and PP). As mentioned in the introduction to the present paper, this wide variety of stimulus parameters was adopted in the hope that it would allow more precise detection of possible associations between clinical visual tests and VER. We found that VER results in response to pattern presentation of medium-sized checks with 40% luminance contrast gave the highest correlation (0.4-0.55) with contrast sensitivity for all spatial frequency ranges as well as with colour vision and with visual acuity.
Of particular interest was the finding that all but one of the 33 ON eyes classified as 'recovered' at the time of this study (visual acuity >1-0) showed a VER abnormality (either in amplitude, latency, or combination of the two). Seventeen of these 32 eyes also gave abnormal results in one or more psychophysical tests. This indicates that VER recording is the most sensitive test for detecting hidden visual disturbance in ON (or MS). This conclusion is supported by the results of all tests of the 45 unaffected eyes. In our previous report" we stated that 67% of these eyes gave abnormal results in one or more psychophysical tests. When we add the results of our VER investigations, we find over 91% of all unaffected eyes show abnormality in at least one test.
Our finding in the present study that reduced Snellen visual acuity and defects of colour vision and visual field are associated with diminished VER amplitude, but not with prolonged VER latency, is in line with our previous report that contrast sensitivity is associated with visual acuity, visual field, and colour vision." It is therefore not surprising that contrast sensitivity is related to VER amplitude and not to VER latency. One of Neima and Regan's suggested explanations'2 for the discrepancy between Snellen visual acuity and VER in ON concerns the difference between the eye's ability to see fine detail (measured by what we call CS(H)) and coarse detail (measured by VER with large check stimulation). This would indicate that the association found between VER and contrast sensitivity would depend mainly on check luminance and/or check size. However, in the present study the associations between the results of clinical visual tests and VER recordings hardly depended on stimulus configuration at all. A more fundamental difference between the physiological mechanisms underlying visual acuity and VER latency must thus be at the root of the above-mentioned discrepancies. The VER latency is assumed to be related to the conduction velocity within the visual neural system. Chronic demyelination of the optic nerve will reduce the conduction velocity and hence prolong VER latency. However, there are indications that increases in VER latency can also be due to neurotransmitter deficiency.33 14 In contrast with this, VER amplitude is associated with all the clinical parameters (including Snellen visual acuity) used in this study and must therefore be related to the actual functional state of the retina and optic nerve fibres as regards spatial perception. This supports our assumption that VER latency and VER amplitude reflect different aspects of the visual system. The reason for the discrepancies between Snellen visual acuity (and other clinical visual parameters) and VER is thus perhaps to be sought in factors related to VER latency.
